method, which is associated with the Ziegler-Nichols method. These methods are easy to implement in terms of obtaining the parameters of the controller, but they require numerous 'tries' in order to reach the objective. This paper reports on the use of optimization methods to determine the optimal parameters of a hot/cold controller, which was being used for the regulation of the temperature in a reactor-crystallizer. This paper describes the experimental set-up for a laboratory-scale crystallization apparatus and shows how the parameters for the PID controller were determined using the Broida and Ziegler-Nichols methods. The optimization of the settings are described, and the results obtained by different optimization methods are compared: simplex, modified simplex (Nelder and Mead), multi-move and weighted centroid method (WCM).
The hot/cold controller
The aim was to regulate temperature control during a crystallization operation [1] . Temperature is controlled over time, so nucleation and growth rate can also be regulated. The control over temperature must be as accurate as possible and requires a good regulation around the desired value. This value varies over time and follows a polynomial law of the type T a / bt3, where T is the temperature, the duration of the operation, and a and b are the parameters. The Pyromat 300 and Programat controllers, manufactured by Schlumberger, were used. The program emitter allows the set value to be changed over time.
The Pyromat 300 series are programmable PID numerical controllers. There is a channel dedicated to the cooling system and another dedicated to the heating system. The two channels are completely independent and can be set to analogue or numerical PID modes, They offer three possibilities for the heating and cooling channels: modulated/modulated, modulated/analogue, and analogue/modulated. The 'cold' and 'hot' channels can overlap for up to -10 to 20% of the command signal. Therefore, both the heating and cooling rate can be controlled.
The heating loop
The heating loop consists of a Ptl00 probe (TP) immersed in a 10 thermostatted bath filled with water, with a circulation pump (flow rate 1000 l/h), a heating resistance (HR) of 1000 W connected to a power unit (PU) through a controller (C) (see figure 1 ). The power unit is controlled by the analogue output (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) 
These equations lead to the value of the time constant and 0"
7"-5"5(t --tl) (4) 0-2"8. tl 1.8.t2 (5) (see table 3 ). Table 4 shows the formulae established by Ziegler Variation of the controlled value 15"6 C 20"3 C
The regulation mode's choice depends on the adaptability of the system, measured by the 7-/0 ratio:
If 7-/0 > 20, then the regulation must be Boolean in nature.
If 15"5 < 7-/0 < 20, then the regulation must be proportional.
If 7-5 < 7-/0 < 15'5, then the regulation must be proportional-integral.
If 2"5 < 7-/0 < 7'5, then the regulation must be PID. If 7-/0 < 2-5, then a cascade regulation must be chosen.
For the 'hot' channel: 7-/0--27"5, the regulation must thus be of a Boolean type. For the 'cold' channel:
7-/0--15'5, the regulation must be PI.
As the controller requires common setting parameters for both channels (for the integral and derived time constants), the best adapted regulation was considered for this experiment to be of the type PI:
XPI-I 15; XPc 6; Ti (720 + 414)/2 567; Td 0 (1) The proportional width of the 'hot' channel, expressed in %.
(2) The proportional width of the 'cold' channel, expressed in %. 
The overlapping segment of the channels (in %). So, the system has five variables; the geometric representation of the simplex is therefore a six-vertex figure in five-dimensional space. AXPH=5; AXPc=5; ATi=50; ATd=25; AR=20 added.
The coordinates of the points making up expanded (or contracted) simplex are given by the formula: (13) where "y 2 for E; -y 0"5 for Ca; "/= -0"5 for Cw. For each simplex, the best vertex is expressed in bold Results and interpretation Table 10 gives the data used in the evolution of the original simplex. In the first basic simplex, the Hendrix method requires no alteration because the group of bad points only comprises point 1. In the second simplex, however, the group of bad points includes points 2, 3, 4 and 5 (see table 11 ). 
To avoid excessive degeneration of the simplex, the authors recommend limiting the value of 7, the ratio between the distance from the centre of gravity G to the point Gw and the distance from G to the best point B.
IIGw GII/IIB GII 
The distance IJG-GII is equal to IIG-GcII, and the point G is situated between G and Gw. Results and interpretation 
